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The existence and localization of collective electron states for nanodiamond particles were studied
both by solving a one-particle one-dimensional Schro¨dinger equation in the Kronig–Penney potential
and by ab initio computations of ground state wavefunctions of diamondoids C78H64, C123H100 and
C211H140 at the DFT R-B3LYP/6-31G(d,p) level of theory. Three distinct classes of collective elec-
tron states have been found: collective bonding orbitals resembling the morphology of 3D-modulated
particle in a box solutions; surface-localized non-bonding conductive Tamm states and subsurface-
localized bonding states for non-uniformly compressed nanodiamond. Quantum-mechanical analysis
shows that collective unpaired electrons are intrinsic to nanodiamond. Their subsurface localization
is described in terms of surface compression arising from a self-consistency condition of the electron-
nuclear wavefunction. Intrinsic spin existence is supposed to result from the collective and spread
nature of subsurface orbitals, allowing spin-density fluctuation effects to become significant on this
length scale. Suggested model allows to explain free spins of nanodiamond exhibited in experiments.
INTRODUCTION
Collective electron states are widely used in the the-
ory of metals [1], while bulk dielectric and semiconductor
materials are equally well modeled as a rigid network of
covalent bonds incorporating lattice defects. Success for
classic models is mainly due to extensive use of trans-
lational symmetry, which is definitely not the case for
nano-sized systems: nanoparticles are mostly imperfec-
tions with perfect regions rather than perfect crystals
with imperfections. Lattice termination is the main im-
perfection leading to the consideration of the collective
surface-localized electron states problem. However, one
should clearly distinguish collective states in a metal and
in a dielectric material — collectivity doesn’t necessarily
imply conductivity, and there is no contradiction between
the “bonding” and “collective” terms. It’s crucial to em-
phasize unambiguous meaning of the term “collective”
we use in our paper: collective states in dielectric mate-
rials are bonding molecular orbitals, localized over several
atomic cores. The fact that collective states despite their
importance are rarely used in dielectric materials the-
ory results in seemingly unresolvable issues like inability
to describe the nature of the intrinsic spin found in the
nanodiamond.
B. Pate has summarized study of the electronic and
atomic structure of the bulk diamond in his classic
paper [2]. Almost simultaneously the nanodiamond
was discovered, and its practical applications attracted
great attention [3, 4], leaving behind detailed investi-
gation of the underlying structural and electronic as-
pects. Nanodiamond-based materials are rapidly growing
in number, triggering progress in the understanding of
the CVD synthesis methods [5] and in the thermophysi-
cal applications of nanodiamond-based materials [6]. De-
spite great success in nanodiamond applications, there is
still no in-depth understanding of its structure. Collec-
tive electron states are vital part of the global perspec-
tive which interrelates consistently magnetism, surface
conductivity and the set of nanodiamond experimental
“anomalies”.
The first theoretical investigation of the collective elec-
tron states in a bulk diamond was done by I. E. Tamm [7].
His calculations were based on the idea of electron con-
finement between periodic lattice potential and vacuum.
We have followed Tamm approach assuming that electron
could be confined between vacuum and semi-periodic di-
amond ball kernel.
J. Koutecky´ then investigated surface states of a one-
dimensional crystal in connection with penetration of
surface potential perturbation into the crystal and was
the first to introduce the term “subsurface states” [8].
P. Phariseau then studied energy spectrum of amor-
phous substances and subsurface states in deformed one-
dimensional crystals, treating deformed region as amor-
phous phase [9]. Direct experimental evidence of the sur-
face layer deformation in nanodiamond molecules follows
from PEELS [10, 11], NMR [12] and Auger [13] data and
allows us to make the assumption about subsurface states
existence in nanodiamond.
We have concentrated our attempts on study of the
collective electron states in nanodiamond in order to re-
late great amount of well-documented reliable experimen-
tal data with the ab initio computations of its electronic
structure. It was recently demonstrated that it’s vital to
take nuclear movement explicitly into account in order to
describe optical gap of diamondoids [14]. However, full-
scale ab initio geometry optimization is still impossible
for big diamondoids. The optimization procedure must
be consistent with the experimentally observed deforma-
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Figure 1. Potential of limited one-dimensional crystal in
Kronig–Penney approximation
tion, so we introduce an approximate parametric non-
uniform compression to the diamond ball model, which
would allow us to skip the geometry optimization and to
catch the qualitatively correct picture.
The problem of collective electron states localization in
nanodiamond is considered, and qualitative explanation
of the nature of the experimentally observed compression,
the intrinsic unpaired spin and the PEELS pre-peak is
proposed.
METHODS OF NANODIAMOND ELECTRONIC
STRUCTURE INVESTIGATION
Orbital localization in nanodiamond was studied
on model systems by exact numerical integration of
Schro¨dinger equation for one-particle model in one-
dimensional Kronig–Penney potential and by ab initio
computations of ground-state wavefunctions of small di-
amondoids. Simultaneous usage of both methods allows
to establish their ranges of applicability and to give bet-
ter approximation to real 4–6 nm nanodiamonds.
1D collective electron states analysis
A one-dimensional one-electron model allows to ana-
lyze wavefunctions of big diamond balls (5 nm and big-
ger). This model gives clear outcome and its solutions
are exact. Despite relative simplicity of one-electron ap-
proximations it is widely used in classical solid state
physics. Our calculations are made following the logic
of I. E. Tamm [7] and A.A. Abrikosov [1] using the test
electron approach and the model of the Kronig–Penney
(Fig. 1) for one-dimensional dielectric crystal, bounded
on both sides by vacuum. We consider intermediate case
between pure dielectric potential in tight-binding approx-
imation and metallic lattice potential were “free” electron
gas moves in atomic core potential.
Special application was developed to explore the one-
dimensional stationary Schro¨dinger equation solutions in
a limited quasi-periodic potential using Component Pas-
cal programming language in the BlackBox Component
Builder (Zu¨rich, Switzerland) [15].
Design of 3D models of diamond balls
A set of diamond ball structures in a format compati-
ble with a quantum-chemical software is necessary before
one can perform numerical computations of wavefunc-
tions and energies in the three-dimensional case. Ap-
plication DiaBall (http://diaball.molpit.com) was devel-
oped to construct diamond balls up to 10 nm size, vi-
sualize and export molecular model in the PDB for-
mat. The value of the lattice constant is taken to be
0.35669nm [16] in order to build carbon diamond lattice
inside defined radius. Two different unit cell arrange-
ments (atom-centered or volume-centered) are possible,
varying diamond ball structure slightly.
The structure of the compressed layer is usually and
erroneously understood in terms of sp2-shell coating dia-
mond core, despite the vast amount of experimental data
showing inadequacy of this model. Thus, NMR spec-
troscopy is unable to detect a sp2 phase signal [12] above
the detection limit; neither can X-ray powder diffrac-
tion. We conclude that the compressed layer is not to do
with sp2-phase necessarily, so every atom in our model
(and in real best quality nanodiamond, actually) is sp3-
hybridized.
Software realization of controlled compression of built
structures is characterized by parameters a and s accord-
ing to the next function:
dr(r) =
a(
s−
rs
R
)2
+ 1
, (1)
where dr is the atom position shift relative to the origin,
r is the distance from atom to the origin, R is the radius
of molecule, a is the parameter regulating amplitude of
shift and s is the parameter regulating shift decay rate
inside diamond ball.
The chosen compression method (1) allows roughly to
estimate the relaxed diamond ball shell structure un-
der surface forces resulting from self-consistency of the
electron-nuclear interaction. A quantitatively correct de-
scription of the compression is much more complex and,
more importantly, would provide higher precision than
we really need for demonstration purposes.
Ab initio diamondoids electronic structure
computations
Ground-state electronic structure computations for
several small diamondoids C78H64, C123H100 and
C211H140 were performed at DFT R-B3LYP level of the-
ory using the 6-31G(d,p) basis set. Three cases were con-
sidered: non-deformed particle and two deformed config-
urations with compression parameters s = 10, a = 0.04
and s = 10, a = 0.08 applied according to eq. (1). Com-
putations were made in the GAMESS-US [19] software
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Figure 2. (a) Magnitude of the atom position shift to the origin vs. coordinate (fitted to the function (1) with parameters
s = 10, a = 0.08). (b, c) Compression of the C302 diamond ball according to the function (1) in two projections: initial
diamond ball is shown in green, deformed diamond ball – in black.
package (May 1, 2012 R2 version). Several pure RHF
computations were performed with the same basis set and
have shown that wavefunction morphology is preserved in
both RHF and DFT computations, thus allowing one to
use Kohn–Sham (KS) orbitals as a qualitatively correct
basis for molecular orbital picture interpretation. Strictly
speaking, KS orbitals “are physically sound and may be
expected to be more suitable for use in qualitative molec-
ular orbital theory than either Hartree–Fock or semiem-
pirical orbitals” [17], especially in the case of occupied
states [18].
The structure of hydrogenated diamondoids was opti-
mized using OpenBabel [20] in the Avogadro [21] soft-
ware package and MMFF94 [22] force field. Carbon po-
sitions were fixed in case of deformed diamondoids and
only the hydrogen shell was relaxed.
QUANTUM-MECHANICAL ANALYSIS OF
MODEL DIAMOND BALLS
We have found that every bonding state in diamond
balls is intrinsically collective and we classify them ac-
cording to three distinct types: bonding orbitals mor-
phologically similar to hydrogenic atom wavefunctions,
Tamm surface electron states and subsurface-localized
electron states. The results are illustrated both by a 1D
one-particle example and by the corresponding ab initio
computations.
Bonding orbital morphologies in diamond balls
It is worth noting that bonding molecular orbitals for
1D one-particle solutions and for spherical diamondoids
(Fig. 3) give solutions with shapes and nodal structure
similar to modulated hydrogenic atom wavefunctions of
s-, p-, d-shape, etc. Generally, the observed orbital mor-
phologies arise from near-spherical symmetry of the sys-
tem and similarity with the particle-in-a-box case.
Tamm surface collective electron states
As shown in Figure 4, the electron density of some
quantum states (bold lines on the plot) is located near
the surface layer and their energy levels are located be-
tween the valence and conduction bands. The total num-
ber of states in valence and surface bands are equal to
the number of potential wells. In accordance with earlier
discussed classical theoretical results surface state pene-
tration into the crystal is observed if potential holes are
shallow enough. The energy level of the surface states is
almost parallel in the plot of energy (Fig. 4) versus lat-
tice constant, and can be either below or above the Fermi
energy (denoted as zero line).
Consideration of the 3D problem allows to investigate
spatial localization of Tamm states. It’s unclear from
1D calculations if Tamm states are local in a sense of
dangling bond localization or have intrinsically collective
nature. It’s still impossible to compute the optimized
electronic structure of real 5 nm diamond ball in the three
dimensional case. That is why we have investigated sur-
face states of computationally feasible 1.34 nm diamon-
doid C211H140. Tamm states in the 3D singlet case are lo-
cated inside virtual orbitals band and show collective and
surface-localized wavefunction nature. The HOMO and
LUMO states for the compressed and non-compressed di-
amondoid C211H140 are shown on Fig. 5.
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Figure 3. (a) First two bonding molecular orbitals for 1D case are resembling modulated particle-in-a-box solutions. (b, c) Iso-
surface of the first two bonding molecular orbitals #212 and #213 of C211H140 molecule resemble typical shapes and nodal struc-
ture of atomic s and p orbitals. Visualization is made in the VMD [23] software package using PovRay (http://www.povray.org/ ).
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Figure 4. Square of electron wavefunctions in limited periodic potential (holes deepness 25 eV, width 0.2 A˚, lattice constant
1.54 A˚, boundary 5 A˚×20 eV). (a) Energy spectrum versus lattice constant of one-dimensional crystal. (b) Energy spectrum for
1.54 A˚ lattice constant.
Subsurface collective electron states and
compression factor
In this section the influence of compression on dia-
mondoid wavefunction morphologies is investigated. As-
suming that 70% of diamond ball sp3-bonds are de-
formed [12], the radius of the uncompressed core of the
diamond ball approximately equals to 2/5 of the ball ra-
dius.
As can be seen from Fig. 6, a surface Tamm states are
localized on both sides of crystal. Symmetrical shift of
the edge potential holes according to (1) results in subsur-
face localization of wavefunctions (Fig. 6, b). Localiza-
tion change is observed in the lowest and highest (nearest
to the surface states) wavefunctions. Subsurface states
show a symmetrical split in the case of relatively low
compression, becoming asymmetrical in the presence of
high compression and show significant splitting from the
5a. C211H140 , a = 0.00, HOMO b. C211H140 , a = 0.08, HOMO
c. C211H140 , a = 0.00, LUMO d. C211H140 , a = 0.08, LUMO
Figure 5. Isosurfaces of wavefunction of 1.34 nm diamondoid C211H140 (red 0.01 a.u., blue −0.01 a.u.): (a) HOMO, a = 0.00,
(b) HOMO, a = 0.08, (c) LUMO, a = 0.00, (d) LUMO, a = 0.08.
valence band (Fig. 6, b).
The lowest bonding molecular orbital morphology for
uncompressed, slightly compressed and heavily com-
pressed cases is shown in Fig. 7. Nine diamondoids are
considered. The general tendency could be seen in all
cases, corresponding to orbital localization flowing into
the subsurface area. Consideration of the C78H64 di-
amondoid (Fig. 7, a–c) shows slightly pronounced shift
of the first bonding molecular orbital to the subsurface
area, while bigger diamondoids C123H100 (Fig. 7, d–f)
and C211H140 (Fig. 7, g–i) show dramatic orbital local-
ization shift. Another interesting point is that in uncom-
pressed diamondoids (Fig 7, a, d, g) first bonding molec-
ular orbitals is almost identical.
Density of states plot for the C211H140 diamondoid se-
ries is presented at the Fig. 8. It follows that as com-
pression is applied valence band bottom tends to shift
downwards in energy, and population of the subsurface-
localized states also increases.
DISCUSSION
Examination of our computations shows the existence
of three distinct types of solutions for both 1D and ab ini-
tio 3D cases. In this section we provide a qualitative in-
terpretation of the nature of nanodiamond “disordered”
shell, the EPR signal invariant and the possible source
of the unusual pre-peak in PEELS experiment. Expla-
nation is provided in terms of collective electron state
localization in nanodiamonds.
Tamm surface states
According to Tamm reasoning for a ball-shaped dielec-
tric nanocrystal electron s can be confined in a spherical
layer between the vacuum and the periodical crystal po-
tential. The surface electron band lies between the va-
lence band and the conduction band. Wavefunctions of
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Figure 6. Collective 1D electron states for: (a) Tamm surface states with barrier, (b) subsurface states in presence of compres-
sion, but without barrier, (c) subsurface states in presence of barrier and weak compression, (d) subsurface states in presence
of barrier and strong compression.
the surface states are localized near the surface and form
a spherical spatial layer if we extrapolate one-dimensional
case to three dimensions. Tamm electrons are locked in
the radial degree of freedom but free in the angular de-
gree of freedom, moving on the surface and belong to the
whole particle as if it is a single sheet. Surface localiza-
tion of wavefunctions give few solutions localized on the
nanodiamond; rather they float as the surface electrons.
Such “floating electrons” in a bulk diamond are dis-
cussed as alternative to classical electrical contacts or
leads in new electronic devices [24] and become the base
for diamond electronic devices. As shown in experiments,
surface conductivity is sensible to modification of sur-
face, and its existence demands hydrogen terminated sur-
face [25]. However, unpaired electrons lie under the sur-
face of nanocrystal according to NMR data [12], and EPR
properties are also independent on surface modification
[26]. That is why Tamm surface states can not explain
paramagnetic properties of nanodiamond [27]. Neverthe-
less, we suggest to take into account surface states for fu-
ture exploration of the transport properties of composite
materials based on nanodiamond [28].
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a. C78H64, a = 0.00 b. C78H64, a = 0.04 c. C78H64, a = 0.08
d. C123H100, a = 0.00 e. C123H100, a = 0.04 f. C123H100, a = 0.08
g. C211H140, s = 0.00 h. C211H140, s = 0.04 i. C211H140, s = 0.08
Figure 7. Wavefunctions isosurfaces (0.02 a.u.) for the lowest bonding orbital of diamond balls of three sizes: (a–c) C78,
(d–f) C123, (g–i) C211 and three fixed compressions.
Energy localization of these states in the middle of
the band gap could be easily explained if we realize
that one-particle one-dimensional model represents one-
dimensional doublet radical state. Semiempirical sim-
ulations of n-mantane (C60H60) radical electron struc-
ture [13] show direct correspondence with the one-
dimensional case, where radical energy level lie in the
middle of the band gap. If we consider singlet case,
Tamm states would be located in the virtual orbitals
band.
Subsurface states
Surface layer compression in nanodiamond is experi-
mentally proven by PEELS data showing rapid decrease
of compressed layer fraction for nanodiamonds and indi-
cating presence of both “perfect” core and “deformed”
shell layer [10, 11].
PEELS data for 5.2 nm nanodiamond is presented in
Fig. 9, where distinct character of observed curves indi-
cate presence of both “perfect” core and “deformed” shell
layer.
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Figure 8. Density of states for the C211H140 diamondoid series
as a function of applied compression. Valence band bottom
tend to be more populated and shift down in energy as com-
pression is increased.
Quantitative measurements of the core and shell con-
tributions allows to define deformed shell form the inten-
sity of the pre-peak Ipre as:
Ipre = Is/(Is + Ib), (2)
where Is is the integrated intensity over the range 280–
295 eV of the pre-edge spectrum of diamond. This is
characteristic of the distorted sp3-bonded environment
of the atoms under the electron probe, as it passes across
the ND particle, Ib is the integratedK core-loss intensity
over the range 295–340eV, corresponding to the bulk of
the diamond particle, which is again dependent on the
beam position on the ND particle shown schematically
at Fig. 9 b [11, 13].
Compressed shell on nanodiamond particles also ap-
pears in Auger electron spectroscopy [13], where clearly
distinguished spectrum identifies unusual chemical states
of nanodiamond. Density of states plot (Fig. 8) indi-
cate relative increase in the local density of subsurface-
localized states. What is more, the valence band and the
conduction band bottom tend to shift to the lower energy
as compression is increased. These two facts could clar-
ify the peculiarity of the Auger spectra and the pre-peak
nature observed in PEELS experiment.
Additional evidence for core-shell structure of nanodi-
amond is presented in NMR study [12] indicating 39%
atoms in core, 40% of partially disordered five-layered
shell and remaining 21% attributed to two nearest to
surface layers.
Strictly speaking, deformation is represented by sur-
face layer compression which is the natural consequence
of electron and nuclear structure self-consistency. Recent
large-scale ab initio geometry optimization of diamon-
doids up to 2 nm size at DFT/6-31G within LDA level of
theory shows a gradual increase in subsurface-localized
character of HOMO as particles grow [29]. It means that
if one perform “honest” full-scale geometry optimization
at an acceptable theory level subsurface states arise nat-
urally. However, optimization of these structures is ex-
tremely demanding and time consuming.
We conclude that the rough compression model we em-
ployed allows qualitatively correct results to be obtained
concerning orbital localization without employing full-
scale first-principles optimization procedures.
To sum up, artificial compression gives similar subsur-
face states as first-principles geometrical optimization.
It’s argued that first-principles optimization naturally
results in particle non-uniform compression leading to
the subsurface localization of bonding orbitals. More im-
portantly, these subsurface-localized bonding orbitals are
collective, i.e. spread over large amount of carbon atoms
located in appropriate shell.
Considering our results and large-scale computations
done by Jiang et al. [29] we extrapolate subsurface orbital
model to real-sized 5 nm nanodiamond. It appears then
that these orbitals have large spatial extent, allowing us
to use analogy with the long conjugated pi -electron sys-
tems and providing an opportunity to discuss the nature
of intrinsic spin in nanodiamond.
Intrinsic spin nature
Nanodiamond exhibits unusual spin states in wide
range of experiments, including EPR spectroscopy and
NMR relaxation. It demonstrates uncommon to the bulk
phase paramagnetic behavior.
Unpaired electrons in nanodiamond show invariance of
their g-factor value under experimental conditions (EPR
invariant) [26]. In nanodiamond g = 2.0027 against g-
factor for a free electron ge = 2.0023. The difference be-
tween g-factor values for free electron and for unpaired
electron in nanodiamond is about 10−4, which is typical
for organic radicals (10−3–10−4). This difference depends
heavily on the nearest neighborhood of the unpaired elec-
tron. Radical states centered on carbon atoms have g-
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Figure 9. (a) PEELS data for 5.2 nm nanodiamond [10, 11]. (b) Schematic illustration of PEELS experiment scan trajectories
at 5.2 nm compressed diamond ball.
factor value below 2.0030. If an unpaired electron is local-
ized on a carbon atom bonded to oxygen atom, g-factor
value lies between 2.0030 and 2.0040. Oxygen-centered
radical state has g-factor value higher than 2.0040 [30].
Thus the unpaired electrons in nanodiamond have g-
factor values in a very narrow range and these values
correspond to pure carbon atoms without any impuri-
ties in their vicinity. If the EPR signal characteristics do
not depend on the surface modification including chlori-
nation, it’s source clearly doesn’t belong to the surface.
NMR data confirm this conclusion, indicating unpaired
spin localization in subsurface layer at 0.4–1.0nm deep-
ness [12, 31]. There is also uncertainty in exact number
of unpaired spins per particle, which ranges from from
1 [26] in EPR study to 40 [12] in NMR experiment.
Observed unpaired electron behavior in nanodiamond
couldn’t be explained in terms of quite typical localized
radical state, e.g. as an F -center, because it will nec-
essarily yield characteristic change in optical properties
of the system which is not observed experimentally. If
radical state is not localized on particular defect, it must
be delocalized in some sense.
To summarize, experimental data shows that unpaired
electrons in nanodiamond are located in a subsurface
layer and are delocalized over significant amount of car-
bon atoms. The unpaired electron is also completely un-
related to point defects and impurities. These facts are
consistent with the subsurface localization of the first sev-
eral bonding orbitals in compressed diamondoids. How-
ever, these states lie deep inside valence band and are
doubly occupied, leading to fully compensated total spin.
Indeed, existence of stable uncompensated spin deep in-
side valence band in absence of external fields would
leave free position for “upper” electrons and is impossi-
ble. Therefore it’s impossible to attribute unpaired spin
of nanodiamond to any type of lattice point defects with-
out contradicting EPR invariant and NMR results.
Taking into account subsurface localization of these
unpaired spins, we attribute them to collective subsur-
face orbitals. These subsurface orbitals have compar-
atively long extent, and spin-density fluctuations could
possibly explain existence of intrinsic unpaired spin in
nanodiamond. Analogy may be made with long con-
jugated pi -electron systems where singlet instabilities of
ground-state solutions are widely known [32]. Fluctua-
tional nature of intrinsic spin is probably the only suit-
able explanation which does not contradict experimental
data, chemical reason, charge or high-spin states issues.
There is no way to imagine classical radical spin – 1/2
state localized in the subsurface layer and being never-
theless stable. Moreover, it seems that the number of
intrinsic spins depends on the magnitude of applied field
which probably magnifies the spin-density fluctuations
in the subsurface orbitals. Fluctuational mechanism of
“unpaired” electron existence is consistent with the fact
that nanodiamond has no unpaired electrons in absence
of external field.
Similar behavior of bulk materials subjected to me-
chanical damage was observed in Ge, Si, hexagonal SiC,
diamond, MgO, CaO, ZnO, SrO, CaS and ZnS [33]. EPR
line observed in these materials shows invariance under
surface layer condition. It was found that “paramagnetic
centers do not involve impurities present in the start-
ing material”, and authors concluded that “it must be
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realized that powders prepared from diamagnetic start-
ing materials might turn out to be strongly paramag-
netic” [33]. Their observations are very similar to the
nanodiamond case. Consideration of these results allows
us to propose similar explanation for paramagnetic cen-
ter appearance under mechanical damage as a result of
spin-density fluctuations in long collective molecular or-
bital localized on the damaged area.
CONCLUSION
Three distinct classes of collective electron states have
been found: collective bonding orbitals resembling the
morphology of 3D-modulated particle in a box solu-
tions; surface-localized non-bonding conductive Tamm
states and subsurface-localized bonding states for non-
uniformly compressed nanodiamond.
First-principles computations unambiguously show
that every molecular orbital responsible for chemical
bonding is collective. Surface compression plays crucial
role in determining orbital localization inside nanodia-
mond, and we suggest to use “Buried Layer Electron
States” term for these states.
On the base of buried layer electron states model we
suggest that collective unpaired electrons are intrinsic
to nanodiamond. Their subsurface localization is de-
scribed in terms of surface compression arising form self-
consistency of electrons and nuclei positions. Intrin-
sic spin existence is supposed to result from collective
and spread nature of subsurface orbitals, allowing spin-
density fluctuation effects to become significant on this
length scale. Suggested model could explain free spins
exhibited in experiments avoiding contradictions such as
when one tries to attribute unpaired or free spin to rad-
icals localized on nanodiamond surface.
Consideration of the density of states plot shows lo-
cal increase in the subsurface-states density and shift of
the valence and conduction band bottom towards lower
energy. These results are promising and hopefully could
explain peculiarity of the nanodiamond Auger spectra
and PEELS experiments.
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